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Habitat Suitability Analysis for the Frosted Flatwoods Salamander in Florida 
Abstract 
Species conservation and habitat protection are significant ecological issues that the 
internationally community has been addressing for decades, yet are challenging to incorporate 
into city and regional planning.  The value of a species is difficult to quantify and measure 
against the potential for economic development and expansion of housing and industry.  GIS 
offers a way to analyze land area according to multiple values and potential uses.  Raster analysis 
is particularly useful in determining suitability of land uses as well as prioritizing development 
and preservation of land based on a set of weighted inputs.  This project seeks to model a way 
that GIS can be used to determine suitability of areas in a defined region to provide habitat for a 
threatened or endangered species and prioritize areas for conservation to inform policy decisions.   
The focus of this study is on the spatial relationships between habitat factors that can 
support a specific species.   In this case, the habitat factors include vegetative cover, proximity to 
freshwater wetlands, and distance from developed areas (which are completely unsuitable).  The 
species of concern is a threatened salamander native to the  southeastern United States, the 
frosted flatwoods salamander (Ambystoma cingulatum).  The study area is the entire state of 
Florida.   
The results indicate that only 3% of the land area in the state is completely suitable to the 
species, while 68% is potentially suitable.  Policy should focus on the landuse in that 68% and 
design a plan that will include conservation measures for the salamander and its habitat.   When 
compared to the range and distribution of this salamander from IUCN and USGS datasets, the 
results showed a different optimal land area than where the frosted flatwoods salamander 
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populations have been observed.  The validity of the results are questionable due to the minimal 
inputs and simplistic analytical design, however, they serve  as a start for comparison studies.  It 
is recommended that the study procedure be repeated for another species under another set of 
conditions to test its accuracy against range data. 
Purpose 
The purpose of this study is to determine habitat suitability for Frosted Flatwoods 
Salamanders in Florida using raster analysis in ArcGIS 10.3.3 software.  This analysis is 
necessary to assist in conservation planning for the State.  The results will be compared with 
current development trends in the state of Florida.  This scope of this study is limited to habitat 
suitability analysis.  It does not conduct the prioritization nor recommend policy alternatives.  
Herein, the tenets of conservation planning are presented, followed by a brief overview of the 
chosen species and habitat to evaluate, followed by a review of the literature, the methodology 
for this study, the results of the study, and suggestions for continued research. 
 
Conservation Planning 
Conservation planning is the assessment of natural resources – species and habitat – and 
the design of landuse strategies to maintain conditions conducive for the preservation or 
proliferation of a species or environment.  Many species, including the subject of this study are 
protected by the “Endangered Species Act of 1973 (Act), recognizing that endangered and 
threatened species of wildlife and plants ‘are of esthetic, ecological, educational, historical, 
recreational, and scientific value to the Nation and its people (U.S. Fish and Wildlife Service, 
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2011).”  In addition to the intrinsic value of biodiversity, amphibians play and especially 
functional role in an ecosystem: due their low tolerance of changing conditions, they are 
considered indicator species’.  The populations of indicator species (in advancement, 
stabilization, or decline) tells scientists if a particular ecosystem is healthy and able to support 
many different indigenous species.   Declining populations, as in the case of the Frosted 
Flatwoods Salamander, indicate a decline in an overall ecosystem and alerts conservationists and 
scientists to a potentially larger problem.   
Complex biodiverse ecosystems are necessary for human health and well-being.  As the 
U.S. Fish and Wildlife Service impart in the above quotation, Congress has recognized several 
valuable reasons for conserving species.  In addition, native vegetation supports soil stability, 
filters air, and controls temperature both below the canopy and by virtue of counteracting the 
heat island effects of impervious surface in urbanized areas.  Although this study focuses on an 
amphibious species, as an indicator species, its decline gives us clues about the potential loss of 
other valuable aspects of its ecosystem.  As part of a intricate food web, the loss of any 
indigenous species to a potentially fragile ecosystem is alarming.  While I did not find any 
evidence that the disappearance of frosted flatwoods salamanders would cause an ecosystem 
collapse, it is notable that they contribute to earthworm and spider control. 
Frosted Flatwoods Salamander 
The frosted flatwoods salamander (Ambystoma cingulatum) has been identified as a 
vulnerable, threatened species in the United States according to provisions under the federal 
Endangered Species Act in 1999.  The species is also considered a threatened species in the State 
of Florida (Florida Fish and Wildlife Conservation Commission).  Even the international 
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community recognizes the concern for the declining population of this salamander.  In 1996 (and 
renewed in 2004 and 2008), the International Union for the Conservation of Nature (IUCN) 
included the frosted flatwoods salamander in its Red List of Threatened Species (Palis & 
Hammerson, 2008).  I chose to focus this project on the frosted flatwoods salamander because of 
this level of concern in the United States and abroad.  In addition, a lot of additional research is 
needed on amphibious species’ given their significance in the ecosystem, indicator species status, 
and alarming worldwide decline.  I selected a species (the frosted flatwoods salamander) 
specifically in the southeastern United States to demonstrate how GIS technology can be used in 
gathering quantitative information to direct conservation strategies.   
The frosted flatwoods salamander exists in Georgia, Florida, South Carolina, and 
Alabama.  Only thirty-seven known populations have been observed, thirty-three of which are in 
Florida (Florida Fish and Wildlife Conservation Commission).  This species lives in longleaf 
pine habitats with access to freshwater shallow wetlands for breeding.  Due to urban 
encroachment, agricultural activities, silviculture, and the lack of controlled burns, destruction of 
this habitat has fragmented populations and decreased breeding opportunities.  Thus, the decline 
of these salamanders due to suitable land for adult habitation is compounded by reproductive 
obstruction.   
Habitat 
 Longleaf pine land cover is mostly threatened by silviculture and the encroachment of 
other competing tree species, such as slash pine.  The outward sprawl of urban areas and 
agricultural areas has also destroyed many tracts of longleaf pine forest.   The longleaf pine tree 
species is also listed as a threatened species by the IUCN and is the subject of a special 
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conservation effort directed by the Florida Forest Service (FFS) and the Florida Natural Areas 
Inventory (FNAI).  The longleaf pine ecosystems supports many “herbs and grasses rare animal 
species, such as red-cockaded woodpeckers and gopher tortoises (Florida Natural Areas 
Inventory)”.  Due to the ecological value of the frosted flatwoods salamander and the longleaf 
pine, the State of Florida, Florida Fish and Wildlife Conservation Commission, and the Florida 
Natural Resources Inventory have instituted conservation activities directed specifically to these 
two species.  In addition 1000 Friend of Florida, the University of Florida, and the State have 
developed general conservation plans that will help slow or strategize urban sprawl into areas 
sensitive to these species’. 
Methodology 
 I found several model studies to guide my study design.  There are also several 
tools/software packages that have been developed to conduct conservation planning analyses.  
Among these, a few rely on ESRI’s ArcGIS software products (which is the software used to 
conduct this analysis).  For example, the World Wildlife Fund developed a Python script with 
accompanying graphic user interface to automate the prioritization of conservation areas in 
ArcGIS (World Wildlife Fund, 2012).  In addition, What If? 2.0 software is a standalone package 
for planning that can accommodate conservation planning and easily integrate with ArcGIS 
(Klosterman, 2016).  The United States Geological Survey has suite of GIS tools called 
“Decision Support Systems” (United States Geological Survey, 2004).   One of these, LINK: 
ARC GIS Tools for Conservation Planning may be appropriate for this type of study.   Some 
land use conflict studies have already been conducted in other areas in Florida using a model 
developed by Carr and Zwick called Land Use Conflict Identification Strategy (Carr & Zwick, 
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Using GIS suitability analysis to identify potential future land use conflicts in North Central 
Florida, 2005).  There is an entire book printed by ESRI Press to instruct how to conduct and 
interpret the model ( (Carr & Zwick, Smart Land-Use Analysis: The LUCIS Model. Land Use 
Conflict Identification Strategy, 2007).  Due to the need for expert input and a lengthy design 
process, this model was not suited to my needs.   I most closely modeled my study design, albeit 
much simplified, after that described in Heartland Ecological Assessment Report (The Nature 
Conservancy, 2010).   
Other studies on the topic of conservation planning in Florida that include a GIS 
component are the Wildlife 2060 document based on the Florida 2060: A Population Distribution 
Scenario for the State of Florida, Florida Natural Areas Inventory conservation planning 
initiatives, and the Florida Fish and Wildlife Conservation Commission’s habitat plans.  In 
addition, the Atlanta Botanical Gardens held a week long workshop called “ A New Approach to 
Flatwoods Salamander Conservation”. 
Simplified Raster Analysis Approach 
I conducted my analysis using a simple raster overlay with three inputs: 1) landcover 
(tree species), 2) freshwater wetlands/ponds, and 3) areas of urban development.  In order to 
identify the most appropriate areas for frosted flatwoods salamander conservation initiatives, it 
was necessary to identify the most suitable habitat available in the State.  Based on the research 
on frosted flatwood salamander habitat and the land characteristics of the distribution of this 
species, I determined that the ideal environment would be in longleaf pine forest within 1.5 miles 
of shallow freshwater wetlands/ponds to support breeding and as far as possible from developed 
areas.   
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First, I ranked the proximity to development into four categories according to the United States 
Geological Survey’s National GAP Analysis1 ancillary data for levels of human avoidance for 
frosted flatwoods salamanders.  Level 1 represented urbanized areas where human avoidance is 
impossible.  Levels 2 and 3, respectively, represent areas of some human encroachment 
intermingled with natural areas, such as farms and national parks.  Level 4 included land areas 
that were pristine forested areas by raster cell centroid.   
Next, I masked all areas from the landcover raster that did not include longleaf pine.  The 
Florida Comprehensive Statewide Forest Inventory and Analysis Study2 designates eighteen 
landcover classes, of which two include longleaf pine.  Using the resulting raster, I masked areas 
of urban development indicated by the 2005 population data from the 1000 Friends of Florida 
report, “A Time for Leadership: Growth Management and Florida 2060”3.  From the National 
Wetlands Inventory, I selected the most appropriate categories – freshwater pond, freshwater 
forested wetlands, and freshwater emergent wetlands, then created a raster data set from those 
and performed a Euclidean distance analysis to calculate the relative approximate distances 
between longleaf pine landcover raster cells and freshwater wetland/pond raster cells.  I excluded 
any cells in which the landcover was not within 1.5 miles of the wetlands by calculating a 
rasterized buffer of 7920 feet (since all data was saved in a projection that uses feet as a unit of 
spatial measure) and reclassifying.  Last, I used the raster calculator to develop a habitat 
                                                          
1 USGS GAP Analysis Citation 
2 CSFIAS Citation 
3 FL 2060 Citation 
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suitability schema with five classes.  Since the last two classes were completely unsuitable, I 
combined them in the display.  
 
I chose the simplest method with the least inputs to conduct this analysis.  Hence, the 
results serve as preliminary findings to the question of what the most suitable land area is for 
frosted flatwoods salamander habitat conservation.  The simplest method often proves to be as 
accurate or helpful as more complicated methods.  Therefore, it is a good start to any analysis.  
Unfortunately, I believe the methodology led to unreliable results, below, and should be 
revamped and repeated using more inputs and more thoughtful attention to weighting factors and 
combining their impacts. 
Results 
According to this raster analysis, in the State of Florida, 9% of the land area is completely 
unsuitable for frosted flatwoods salamanders, 19% would not easily support these salamanders, 
68% could potentially support these salamanders, and only 3% is completely suitable. 
To determine if the results were reliable, I overlaid the current documented range and 
distribution of the frosted flatwoods salamander with the areas I found to be most suitable.  I was 
perplexed to see that they did not coincide.  Either, the existing observed populations are an 
anomaly, the research about their habitat is insufficient, the observations and analysis conducted 
by major organizations (the International Union for the Conservation of Nature and the United 
States Geological Survey) are flawed, or (most likely) my analysis is inaccurate.  Since I have 
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concluded the latter, I am will reevaluate the methodology, continue to explore other tools and 
methods and redo the analysis. 
 
Conclusion 
 Since I was not satisfied with the result, I recommend rerunning an analysis modeled 
after mine using a different species to see if the model itself is terribly flawed.  Since the results 
are not clear, I find this analysis inconclusive.  However, it would be accurate to say that the 
majority of the land in Florida is potentially suitable based on Florida 2060 maps and on studies 
about conservation planning in Florida.  The greater significance in conducting a study such as 
this one is to create a replicable, dependable, and simple way to evaluate habitat suitability to 
help guide conservation prioritization on a regional or state-wide scale.  The next steps will 
include attempting some of the aforementioned models and redesigning mine to produce a more 
reliable result. 
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